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THE CCV CONCEPT AND SPECIFICATIONS
Jean-Cilaude Wanner,

Technical Director, Natiocnal Office of Aerospace Study
and Research, Chatillon, France

The CCV concept and its French equivalent, systems inte- /22-1%

gration, which has been under development for several years, will
soon leave the realm of theory and research for actual use in

the design of combat ailrcraft of the next generation and, at
least in part, that of future transport aircraft.

So far used only in purely experimental aircraft, CCV systems
have not been subJected to safety regulations other than those
usually applied to this type of aircraft, in which the risks of
breakdown or mechanical fallure are compensated for by specifice
use and maintenance regulations (trained test pilots, radio
listening-in by specilalists, accurate meteorological reports,
guidance possible on emergency landing fields, possibility of
halting local air traffic, permanent reccrding of variouscoperating
parameters and checking of systems between flights, etc.).

When these systems are used in c¢ombat or transport aircraft,
however, they will have to meet precise regulations insuring that
the safety level - which may be éexpected of alrecraft of this
generation is not lowered. Thils brings up the problem of the type
of regulations which should be applied to aircraft built on the CCV prineiple.
Should MIL SPEC 8785 B and 83300, AGARD 577, AvP 970, FAR 25 and
T3S 2 be changed to take these new systems Into account? This is
the question which we will try to answer here, after outlining
the basic principles of the CCV concept.

¥ Numbers in the margin indicate pagination in the foreign text.



Quite frequently, the CCV concept is presentedwas the use of
four main systems which eliminate a given number of limltations
in designing a new alrcraft. These four systems are:

a) alreraft static stability compensation;
b) active ride control;

¢) maneuver load control;

d) active flutter control.

The static stability compensation system permlts partial /22~2
freedom from the problem of balance during the deslgn process and
makes 1t possible to decrease the size of the tail unit and trim

drag.

Both active ride \control and maneuver load control allow

a decrease in the weight'of the structure.

Finally, active flutter control reduces structural fatigue

and improves the comfort of the crew.

The use of these four systems in a bomber or transport air-
plane results in considerable gains in regard to takeoff weight,
and thus installed power (gain in weight of structure, gain in
drag and thus in fuel welight). On the other hand, application of
the CCV concept to fighter alircraft. results in the use of
systems which, whether they are similar or different, will produce
gains for different reasons.

For this reason, the addition of direct 11ft and lateral
force control..surfaces increases the combat maneuverability of
the aircraft and makes its attitude partially 1ndependent of
trajectory (improvement in firing platform). Static stabllity
compensation permits a reduction of the stabllizer surface areas
and a reduction in trim drag durlng maneuvering, which increases



the maximum balanced load factor. In conjunctlion with this sys-~
tem, active flutter control makes i1t possible to design a clean
configuration without concern for the problem of external loads.
(The addition of external loads generally moves the balance to
the rear, brings the focal point forward and reduces the critical

flutter speed.)

To regressslightly, in the final analysis the baslec philo-
sophy of the CCV concept appears to be the following: "To attain
a maximum reduction in takeoff weight and installed power, that is,
to decrease the cost of the project while at the same time ob-
taining given performances, by omitting a few customary or pre-

conceived notions whose cost 1s generally high."

In other words, designing an alrcraft on this princliple:

conslsts in:

-— not making a :priorivuse of the natural stability (sta-
bility around the center of gravity, structural stability, that
8, lack of flutter within the flight range);

-— to design new control surfaces to meet new needs (flutter
control, direct 1ift, lateral force, maneuver load distribution,
etc.) or control surfaces whose latent defects may be compensated
for by the statlc stability compensation system (caﬂéﬁi'for"‘

example); _ \

-~ to make use of electrical control channels and new pilot

controls (mlicromanipulator);
-- to offer the pilot.new data.
This list might even include multiplexing of data, that is,

data transmission by omnlbus bars 1n place of specialized

circuits.



‘We might now consider in what areas safety problems are

going to arise.

The first and most obvious consideration is the problem of
reliability of the systems. The second is that of handling
qualities, which are influenced by the use of new control sur-
faces, new pilot controls and new data presentation systems.

Let us first examine the problem of systems relia-
bility.

In regard to the electrical control channels, the situation
today is similar to that of twenty  years ageo, when the possi—_
bility of no longer connecting the control column and rudder pedals
to the control surfaces and instead relying solely on hydraulic
transmission was first being considered. Nevertheless, it should
be recognized that the current situation is much more favorable,
since the bases for reliablility research are much more solid than
formerly. In addition, the regulations, which have already bheen
changed to allow for simple hydraulic transmission, could easily
be adapted to electrical transmission. There would be no need
to change TSS 3 and MIL SPEC 8785 B and 83300, which are based on
the same fundamental principles,with no a priori assumptions on
systems. reliabillity. On  the other hand, methods for
demonstration of compliance with the regulations should be
developed s0 as to obtain a satisfactory demonstration of the
rellabllity of the system. It might be pointed out once again
that an answer to this question c¢ould not be supplied by an overall
demonstration of real flight characteristics. The actual problem
is to demonstrate probabilities of failure on the order of 10-6
to 10-7 per hour of flight. Now, - to -demonstrate a
probability of failure of less than 10D per hour wlth a confi-
dence level of 0.9 will require operation for 2.3:1001 hours iruns
without failure, 3.9-10" hours with only one fallure, 5.3-100
hours with only two failures, etc. Thus a direct demonstration

!



of 106 or 10-7 is strictly impossible. Only probabilities on the
order of 10-2 to 10-3 per hour may be attained experimentally. As

a result, the reliability of a complete system can be estimated

only by calculations based on the redundancy of elements whose
probabllity of fallure has been shown experimentally to be on the _
order of 10-3. One must still watch out if the redundancy \
of the systems meintains the independence of the elements: )
can two elements from the same production series subjected to the

same conditions really be c¢onsldered independent? Experience has
shown that this is definitely not the casgiand that the .probability
of:gimultaneous:failure of two elements is much greater than the
square of the probability of simple fallure (simu;ﬁaneous failure
being taken as the fallure of two elements duringfthesmme:ﬂjghtk
Remarkable advances in electronic miniaturization allow for the

use of a much larger number of channels, circuits and systems

than that currently concelvable wlith avallable mechanical and
hydraulic systems. 4 solution, however, may not be in a redun-

dancy of numerous identical systems, but rather in the use of
several parallel systems performing the same function (with some \
systems performing the same function, but simplified), desighed on
the basis of different prineiples, configurations and techologl-

cal methods and installed in different parts of the aircraft. The
purpose of thils method is to make the systems truly independent,

and 1in addition to decrease the vulnerability of combat aircraft.

It has just been noted that a demonstration of reliability
cannot be obtained directly by flight tests of prototypes or pre- /22-=3
production aircraft. Nevertheless we should not assume from this
that flight tests are useless. It 1s impossible to conclude that
the reliabllity of the systems 1s adequate merely on the basis of
1000 or 2000 hours of flight testing without failure; on the
other hand, this is the only method of checking the operation of
each of the systems under real conditlons gnd evaluating the
probablility of fallure. However, only theoretical analysis of the



way in whiqp the elementary systems make up the complete system
permits conélusions as to the reliability of the whole, on the
basis of elementary faillure probability estimates obtained atithe
test bench and confirmed by flight tests.

Of course, there was no need to wait for the arrival of the
CCV concept to research and develop these methods of reliability
analysis. As a specific example, the certification of the
Concorde was based in large part on these methods; it might be
recalled, for example, that the balance of the Concorde 1n super-
sonic flight was such as to make the ailrcraft unstable in sub-
sonic flight. Obviously, to have an aircraft whose inflight
balance is such that approach and landing are impossible, one must
demonstrate that.the probability of failure of the fuel transfer
system is reasonably slight.{ (The probabllity of a single fallure
preventing the return to subsonic balance over the life of
211 aircraft in service should be sufficiently low for this oc-
currence to be congidered improbable.)

Nevertheless it is still necessary to improve methods of
analysis on a number of points: systematic determination of
critical cases, reduction of calculation time, estimating of
elementary probabilitles (calculation, simulation testing, flight
testing), ete., all these procedures being designed to construct
more reliable and accurate methods of demonstration in conformity

with regulations.

Before moving on to the problems of handling qualities, one
final observation should be made 1in regard to the level of proba-
bility of failure which should be required of the variocus systems
in order to obtain an acceptable overall safety level for civil
and military aircraft and a reasonable probability of mission
‘success for military aircraft.



Let us first examine the case of military alrcraft.

Currently it i1s an accepted possibility that a few alrcraft
in a fleet may be lost due to fallures preventing contlnuance of
the mission (failure of the Jet englne in a single-engine alr-
plane, total failure of the hydraulic circuilt of the servo
control system, etec.), to the extent, however that methods are
avallable allowing the pllot a reasonable chance of not beilng
killed in the crash. (Thus the pilots of some single-engine
figher aircraft are instructed to eject in case of engine fallure.)

Cholce of the reliability devel of the CCV system may thus
be made in the followlng manner.

A "basic! CCV:system, that 1s, one with the minimal eclrcuits
for obtaining CCV functions, makes it possible, at glven per-
formances, to decrease the welght of the structure and the amount
of fuel necessary for a mission. The result 1s an overall benefit
of x% in the purchase price and utilizatlon costs of each air-
plane. (By utillization cost, we mean the expenditures necessary
for the operation of each airplane throughout the perlod of
utilization of this type of aircraft,) If we improve the rellability
of the CCV system by increasing the redundancy of various
circults, 1t is obvious that we will increase the purchase prilce
of each aircraft as well as its utilization cost (inecrease in
hours of systems maintenance). Thus the advantage over conven-
tional airecraft decreases as the reliability of the systems

inereases.'

! In drawing up a balance sheet one must take care not to forget
the improvements Iin the ejection system which may turn out to
be necessary (zero-zero seat, for example, which is not indis-
pensable 1n a conventional multi-engine airplane).



In addition, any probability p (per hour) of failure in the
CCV system resulting in loss of the airplane has corresponding
probabilities Qi of there belng losses of aircraft between zero
and k for a fleet of N airplanes each performing n hours of
flight. Assuming Qx = 0.99, one obtalns a satisfactory estimate
of .the number k of losses per failure in CCV system which might
reasonably be expected throughout the utilization period of the
fleet. (The chance of there belng a real number of accldents
greater than k 1s only 1 in 100.)

If p is the probability of fallure per hour, the probability
of there being no accldents during n hours of flight of the air-
eraft is p; = (1 - p)n, and the probabllity of accident is
Pp = 1 - p;. Thus the probability Qi of accidents between 0 and
k for the N aircraft 1In the fleet 1is:

m=k . - .
3 (5) =" ®en (1)
m= Q '

When the product Np, is ;high enough, a satisfactory approxi-
mation of the number k corresponding to a given value of Qp is
given by:

k =Aq/ py Po *+ NPy

(2)

A belng determined by

A\ - _,ﬁ,,,
2
Q = ° dx
k J;-,/grr_ (normal law)

for Q, = 0.99, A = 2.3264, and for Q, = 0.5, A= 0,

To determine the orders of magnitude, let us examine the
law K(p) correspording to Qe = 0.99 for a fleet of 1000 airplanes



intended to perform 5000 hours of flight each. (The computations
have been performed with equation (1) for p < 10-6.)

Qv = 0.99 ‘ N {
1

b sot 510 | 100 | 510® | 16® [5.07 | 107 | 5-10® | 107®
]
% 430 252 65 37 1 7 3 2 v

To determline the influence of Qr on this result, let us also

]

0.5 {(one chance in two of having
more than k losses) and Qg = 0.999 (one chance in 1000 of having
more than k losses) (for Qx = 0.999, A = 3.0902).

gives the laws k(p) for Qy

Qe = 0.5
b 1ot {51051 10°% | 5106 | 107 |5.10°T. 1077 | 5.108} 1078
® 394 222 49 25 5 2 0 0 v}
Gy = 0.999 |
" 104 | 590 | 100 | 5007 | 1078 [501077 1077 | sua0® | 1078 \
i |
ke 442 262 70 40 13 | 8 4 3 2 }

It can be seen from these figures that the reliability factor
for the CCV system 1is reasonably close to 10-6: the 1% loss 1is
acceptable to the crews from . 3 psychological standpoint,wsince’
the probability of loss of the crew itself is much lower (re-
sulting in the problem of the reliabllity of the ejeq@igp“§ystem);
this factor, of course, is valid only if the overa11wafit\ x due
to the CCV system 1s higher than 1%. -




It should be recognized that in order to attain a probabllity
of faillure of 10-6 per hour, 1t is necessary to triple the system?.
(It has been seen earller that the highest experimental probability
which may be expected for the elementary systems 1s on the order
of 1073; to demonstrate that p is less than 10~6, there must
therefore be two independent systems.)

Thus 1t 1s by no means evident that the cost of a CCV system
designed in this way will result in an overall galn of more than
l%i

The problem 1s slightly different with civilian aireraft,
since here one must ensure the safety of paying passengers who
will not be able to evacuate the aircraft in case of a total
failure of the system. In addition, civilian alrcraft is de-
signed to perform a much higher number of flying hours than.
mllitary aircraft: on the order of 30,000 rather than 5000.

Currently, the overall reliability factor imposed by
civilian regulations 1s on the order of 10-7 per hour. (With air-
craft of the generation now being used by commercial air lines,
the probability of fallure resulting in a crash 18 more on the
order of 10“6 per hour.) Let us see how many crashes this will
result 1in for a fleet of 1000 alrplanes.

For n = 30,000 hours, N = 1000 and p = 10~%, one obtains:

for Q = 0.5 k = 30
Qk = 0.99 k = 42
Qk = 0.999 k = 50

%2 The hydraulic circuits are generally only doubled, but it

should be recognized that desligners have accumulated a con-
siderable amount of flight experience permlitting more accurate
determination of the reliability of these systems and that the
rules of the art insuring the constancy of thls rellability level
care now solldly eastablished,
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For n = 30,000 hours, N = 10040 and p =_1057, one obtains

for Q = 0.5 k = 3
Qe = 0.99 k=17
Qg = 0.999 k=9
It may be seen that the 1077 factor agaln represents /22-5

an expected loss of seven aircraft out of 1000 in service. At
present, however, it 1s difficult to require reliability for CCV
systems resulting in an elementary probablliity of less than 10-T7,
since there is no reason to require more of this system than
conventional systems. At the very most it is our intention to
show that the 10-7 factor, which is reasonable for the coming
decade from a relliability standpoint, is only a single step in
safety research. (Moreover, in 1ts tnitlal stage the increase 1n
safety should come more from improvements in navigatlon and con-
trol during takeoff, approach, and landing than from improvements
in the rellabllity of the systems.)

We have just seen what the probability of failure resulting
in a crash should be. Thils factor is valld for the elec-
trical control system or the static stability compensation

system, but a failure in any CCV system d{oes not o

;always result in a crash.

Obviously, failures in the active rlde control and maneuver
load control systems will not have serious consequences —-- pro-
vlded that they do not cause an immediate safety problem due to
untimely deflection of a control surface, taking the airplane
out of control -~ since the sole purpose of these devices 1s to
improve the comfort and fatigue life of the airplane. Simple sys-
temsé are thus perfectly acceptable from the standpoint of
safety alone. (O the other hand, considerations of comfort in
use or the success of operating missions may lead to improvements
in the rellabllity of the active ride control system.)

11



In regard to the actlve flutter control system, the tempta-
tion at first glance would be to require rellabllity on the same
order as that of the electrical control or static stablllty com-
pensation systems.

Actually, the use conditions of a system of this type must
be taken into account. In a civilian transport airplane, the
active flutter control system may be used to thrust the critleal
speed farther into the peripheral range, in other words, to per-
mit flight with a reduced margin in comparison to the critical
naturél flutter speed. Under these condlitions, a crash may
oceur only if the peripheral range beyond the natural critical
speed is entered and there is a simultaneous failure in the
active flutter control system during this period. The probability
of crash is thus the product of the probabllity of exceeding the
natural critical speed and the probabllity of fallure of the
system. Given the low probability of exceeding the natural
eritical speed and the short amount of time spent beyond this
speed, the probability of failure of the system may be relatively
high (on the order of 10-3 to 10'4). This prcblem is very simi-
lar to that found wlth safety devices deslgned to operate in the
peripheral range, such as the "stick shaker" or "stick pusher,"
for example.

On the other hand, the active flutter control system of a
combat alrerart may be made to perform actually within the
authorized range. In this case, the reliabllity required will
depend on the consequences of the failure: 1if the result 1s the
release of explosive flutter, it is obvious that the probability
of failure must be on the order of that required for the elec=:1 .
trical control or static stability compensation systems. On the
other hand, if the device 1s designed to combat flutter due to
the presence of external loads, the problem may be somewhat
different; this type of flutter 1is generally relatively slack and

12



may allow a safety device sufficient time to Jettisaon the external
loads. Under these conditions, here again a decreased rellabillty
for the system may be accepted.

We now come to the second point involving safety. This is
the problem of the effect of the CCV concept on requirements for
handling qualitiles, or more precisely, on - pilotability.

The general objective for any pilotability A\requirements is
given by TSS 3: "The aireraft should have sufficiently high
pilotability characteristics so that the execution of each

subphase and related maneuvers is not too difficult or fatiguing
for the crew, taking intc account the length of the subphase and
the probability of the state of the airplane and the state of the
atmosphere. In other Words;fhecomﬁned \physical and mental
activities necessary for the execution of each subphase should not
result 1n excessive fatlgue for the crew, so as to limlt the risk
of judgmental errors or faulty maneuvers."

In regard to the controls, TSS 3 stipulates that "it should
be possible to perform all manipulations of the controls 1n acmn=\
dance \with the flight manual without excessive strain on the
crew. Specifically, the effort needed to manipulate the controls
in the authorized manner should not be too great, given the
emplacement, shape and dimensions of the controls, as well as the
perliod for which this effort must be applied. This rule also
applles to the effort needed to operate the controls following
manipulation of a selector Furing a change in selectediconfiguration.”

These basic principles being outlined, two methods of

demonstration of cmmﬁﬁﬁﬂce\are proposed:

—~ the classical methed which is found in appreciably
equivalent form in all regulations (the strictness of the require-
ments differs depending on whether they come from military

13



specifications or civilian alrworthiness \regulations; this is due
to the fact that the sole objective of civilian regulations 1s the
safety of the individuals, transported or flown over, \
while the objective of a military specification is not only '
safety, but alsc the effectiveness of the mission);

-- a method based on evaluation .of the workload by a scale
of the Cooper-Harper type.

Let us first see how the c¢lassical method may be applied to
ailreraft built on CCV principles.

Four types of opilotability specificatlons are requlred:
a) stabillty specificatlons;

b) specifications concerning the response of the aircraft
to the controls;

¢) specifications dealing with controls loads (maximum

load and .possibility of override);

d) speclfications dealing with the effects of changes 1n
configuration and on the general behavior of the aircraft /22-6
(trajectory, attitude, control loads).

There 1s no problem in applying stability requlrements to a
CCV airplane. The only place a problem may arise is in justi-
fying the stablility requirements themselves in the case of flight
phasés where the speed varies relatively quickly. This case
is provided for in TSS 3, but the methods. of demonstration of
conformity are not yet completely developed. Since thils problem
is not specific to CCV alrcraft, it will not be dealt with here.
(It is handled specifically by the Handling Quality Committee.)

14



Similarly, specifications concerning the effect of changes
in configuration may be applied to CCV aircraft without diffis
culty. Moreover, it may be predicted that it will be somewhat
easier to meet these requirements in the case of CCV; changes in
the equilibrium positionsof the control surfaces during extension of
the landing gear, flap shutters, leading edges, speed brakes,
ete. may be more easily modulated, taking flight conditions into
account (speed, altitude, weight and balance), due to the fact
that the control surfaces are electrically controlled. The only

problem is the reliability of the connections.

On the other hand, research should be performed on the load
laws for the micromanipulators to take into account the dimensions,
shape and emplacement of the these controls, as stated above.

This problem should be easy to solve by means of simulator and
in-flight testing.

In the final analysis, the most difficult problems wlll occur
in the area of the response of the ailrcraft to the controls --
provided, however, that the pilot has specific controls to acti-
vate non-conventional control surfaces such as lateral force or
direct 1i1ft control surfaces. Of course, if the pilot has con-
ventlional roll, yaw and piltch controls (even in the form of
a micromanipulator reproducling the functions of the control
column and rudder pedals |}, the classlical requlrements will apply
without modification, since the pilot does not need to know
whether his orders are transmitted directly to the classleal con-
. rol surfaces or whether his activation of the controls produces
the interlinked deflection of several control surfaces. Moreover,
at present this 1Is actually the case with roll controls, which
are able to activate various elevons and spolilers with different
interlink ratios depending on flight conditions.

It is possible, however, to conceive of two spetific controls
which would act on the lateral force and direct 1ift control,

15



surfaces, or more preclsely, which would produce a lateral force
and a 1lift force which would influence the trajectory without
changing the angle of attack and the sideslip angle. \The: pilot thus
abandéns the micromanipulator and a transparent automatic pllot keeps
the sideslip angle \at zero, the wings "horizontal'rand the aungle of
attack at the value recommended for this flight phase (approach,
“ground attack, etec.). This pilot operates a second micromanipu-
lator, whose "vertical" and "lateral" movementswary the 1ift

and lateral force, changing the trajectory. 1In that

case, . the pilot must have data on the trajectory, for example,
plotting of the speed vector to infinity; this is because the

pilot no longer has a conventional data return furnished by

attitude variations’ allowing him to apportion hils actions at

the controls.

It i3 quilte obvious that a control method of this type has
not been provided for in the regulations, and that new specifica-
tions must be set up to evaluate the quality of the responses of
the alrplane to these new controls.

Two methods may be used: elther these new specifications
may be established on the basis of simulator and flight tests on
experimental aircraft, or the TSS 3 regulations may be applied to
the alrplane to be certified without modification, evaluating the
workload of the pilot during the phases where the new control mode
is used. Since the shape, size and emplacement of the new con-
trol system, and even the nature of the new data to be furnished
to the pillot, are«far from belng fixed at present, it would appear
wliser to use the second method, since the first could be used only
after a few general rules of use have been determined by experi-
mentation on prototypes. Furthermore, it should be noted that
the first method consists in determining a given number of general
criteria based on experimentation using the evaluation of work-
loads on the Cooper-Harper scale.
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In conclusion, the CCV concept presents two types of problems
in regard to safety specifications:

a) demonstration of systems reliability: methods
for estimating the overall probabllitles of failure must be
perfected;

b) establlishment of new handling quality criterila for air-
craft equipped with speclal "trajectory" controls (lateral force
and direct 1ift).

Aside from these areas, all the classical criteria for

handling qualitles may be applied without modificatlon to air-
craft bullt along the CCV concept.
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